Objective: To connect a new family with early-onset Alzheimer disease (EOAD) in Germany to the American Volga German pedigrees.
I
N 1988, BIRD AND COLLEAGUES DEscribed several American pedigrees with familial early-onset Alzheimer disease (EOAD) of Volga German (VG) ancestry whose ancestors immigrated from 2 adjacent villages in Russia. 1 These families share a single mutation, N141I, in the gene that encodes presenilin-2 (PSEN2; OMIM 600759). 2, 3 Although more than 10 additional mutations have been described in PSEN2, no families other than those of VG ancestry have been found with the N141I mutation. Recently, Nikisch et al 4 described a 3-generation family in Germany with the N141I mutation. Because this family lives in the same region of Germany (Hesse) from which the VG individuals emigrated, we have performed a study attempting to link these families through shared genetic markers.
METHODS
Blood samples were obtained and DNA extracted from the American and German families with informed consent approved by the relevant institutions. Haplotype analysis of the PSEN2 region, based on multiple genetic markers, was performed on the DNA samples.
HAPLOTYPE ANALYSIS
HapMap genotype data (http://www.hapmap .org, release 22) and Haploview 4.1 software were used to assess the PSEN2 haplotype structure and to select tagging single-nucleotide polymorphisms (SNPs). Genotypes of 20 SNPs from 60 CEU singletons were downloaded and analyzed using aggressive tagging, with the linkage disequilibrium (r 2 ) threshold set at r 2 Ͼ 0.8. Six tagging SNPs (Figure) were selected, capturing all information from the original 20 SNPs. TaqMan allele discrimination assays were performed to genotype the 6 SNPs in 130 subjects from the VG pedigrees as well as in the proband with EOAD from Fulda, Germany. To extend these haplotypes to the regions flanking PSEN2, including to the more informative multiallelic short tandem repeats loci flanking PSEN2, we also genotyped D1S479, which isapproximately4 cM (1.2 megabases [Mb]) 5Ј of PSEN2, and D1S225, which is approximately1.5 cM (4.1 Mb) 3Ј of PSEN2.
We used 2 strategies to estimate haplotype frequencies to accommodate data sets containing either unrelated or related individuals. We estimated SNP haplotype frequencies among 60 unrelated Centre d'Etude du Polymorphisme Humain (CEPH) Europeans using a maximum-likelihood expectation-maximization algorithm 5 missing SNP data was excluded from the haplotype estimation. Haplotype frequencies among the VGs were estimated by haplotype counting, using the SNP genotypes, pedigree information, and flanking marker data (D1S479, D1S225, N141I). Allele and haplotype counting provide unbiased estimates of allele frequencies, even in the presence of related individuals. Forced haplotypes were identified, where forced haplotypes are defined as haplotypes observed among individuals heterozygous for no more than a single SNP locus. When faced with ambiguous genotypes, we favored combinations of forced haplotypes over combinations of novel haplotypes. Haplotypes are identified by the allelic state at each of the 6 loci, in the order presented in the Figure: rs1295652, rs2073489, rs1295640, rs2236913, rs1800681, and rs2802268.
RESULTS
The Fulda (Hesse) patient had onset of memory loss at 47 years of age. Her father had onset of dementia at 64 years of age and died at 76 years. The paternal grandmother had onset at 48 years of age and died at 52 years. The American VG families have a mean age at onset of 55.5 years and mean age at death of 64 years. Not only are the onset ages similar between the VG and German families, the surname of the German family also occurs in one of the American VG families.
The genotype data for the 6 PSEN2 tagging SNPs was obtained for the CEPH and VG subjects. A total of 11 forced haplotypes were identified among the CEPH European and VG samples. The GTTACG haplotype (H1) is predominant (42%) among subjects from the VG families; this haplotype is only the fourth most frequent (13%) among the HapMap CEU sample (Table) . All affected persons in the VG families share an identical PSEN2 haplotype based on these SNPs. The same haplotype was also found in the affected individual from the German family (patient III-2 4 ). The N141I mutation resides on the H1 haplotype (H1 mut ) shared by the affected subjects from the VG families; however, a wild-type version of the H1 haplotype (H1 wt ) is also present in the families in high frequency (Table) . Thus, the H1 mut /H1 wt diplotype is common among the affected subjects in the VG families. The proband from Fulda also carries this diplotype but, because of the high frequency of the H1 haplotype, this alone is not sufficient to demonstrate shared ancestry of the VG pedigrees and the proband from Fulda. Attempts to identify additional genetic variants within this H1 haplotype group by genomic resequencing were unsuccessful, as no additional polymorphisms were identified.
To demonstrate that the proband from Fulda has the identical PSEN2 mutation haplotype as the VG families, we tested and defined subhaplotypes for the H1 haplotype group by genotyping short tandem repeats markers that flank the PSEN2 gene. Among the VG subjects, single alleles at D1S479 and D1S225 segregate with affectation status. The Table summarizes the frequencies of these alleles and the H1 SNP haplotype among genotyped VG and CEPH European subjects.
If we assume that the 2 short tandem repeats loci and haplotypes in PSEN2 are in linkage equilibrium, which is reasonable given their physical distance, 6 then using the CEPH European allele frequencies, we can estimate the probability that the Fulda proband would share both risk alleles with the VG families as 0.0084. Under the assumption of linkage equilibrium among all 3 loci, the probability of the Fulda proband sharing the 2 risk alleles by chance with the VG families is between 0.1% and 0.2%, depending on whether one uses the CEPH European or the VG N141I noncarrier PSEN2 H1 haplotype frequency for estimation.
COMMENT
There are 3 interesting implications of this study. First, the N141I mutation in PSEN2 must have occurred prior to the emigration of the VGs from the Hesse region to Russia in the 1760s during the reign of Catherine the Great. Many of the immigrants assembled and then departed for Russia from the German village of Budingen,
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Figure. Tagging single-nucleotide polymorphisms (SNPs) for PSEN2 haplotype analysis. 7, 8 Alzheimer was working in Frankfurt (Hesse) at the time (1901). This raises the interesting possibility that Auguste D. also had the N141I mutation in PSEN2. Little is known about her family history, but her father died at the relatively young age of 45 years. Neuropathology slides from her brain have been identified, and the tissue has been tested to determine her APOE genotype (ε3/ε3), which does not contain the high-risk ε4 allele. 9 It would therefore be of historical and genetic interest to determine if she carried the N141I mutation in PSEN2 because this study provides strong circumstantial evidence to support this hypothesis. 
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